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H3o6peTeHHe othochtch k jchmhh 4>oc- 
4)opopraHHHecKHx coeaHHeiwft, a hmbhho k 
HOBOMy cnoco6y nonyneHHa uHfc/tHHecKHx 
apH/ixjiopcJjoctjMTOB o6uieft <|>opMy/ibi 
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rue h Rj. Boaopoa, anKtui -C. , 

ra/ioHa, oC-MeTHJiuHKJio- 
reKcvtn win ^ -Mermi- 
6eH3«n; 

X - MerHfleH, cepa, 2-TpHxaop- 
3TH/iHaeH miH x/iop6eH3H- 
/waeH; 

KDTopbie Moryf 6biTb Hcnttib30BaHbi ana 
CHHreaa cooTBercTByjouwx uwuiHHecKHx 

3(J)HpOB (J)OC4)OpHCT0ft KHCnOTbl, HMHlOUIKXCfl 

3<M]eKTHBHbiMH CTa6H/iW3aTdpaMH ncviHMep- 
Hbix Marepna/ioB. 
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M3BecTeH cnoco6 nonyneuHn umuiHHec- 
Koro apn^xjiop(J)OC(t)HTa c nsiTWH/ieHHbiM uhk. 
noM - nHpoKarexHH-xjiop(})OC(})HTa - nyTeM 
BaaHMoaeftCTBHH nwpoKaTexHHa c rpexx/iop- 

pHCTbIM (})OC4)OpOM B npHCyTCTBHH Kara/IHTV- 
HeCKHX KOnHHeCTB reTepoUHKJIHHeCKHX OCHC 

BaHHft, HanpuMep nnpHanHa, npH 60-80°C, 
IieneBofl npoayKT BbiaennioT c BbixoaoM 
91-95% [lj. 

HanSonee 6tih3khm no TexHHnecKoft 
cyuiHocTH h aocTHraeMbiM pe3y/ibTaTaM k 
H3o6p8T8HHio H&riHeTCH cnoco6 nonyneHHH 
UHioiKHecKoro apmix^op^occJjHTa <j>opMy/ii>i 




KOTopuA BitnioHaeT nonyneHHe 6HC<J>eH(viH- 

T3 H3TpHH BOflHMOfle ACTBH6M TOHKOflHCflGp— 

CHoro nopouiKa MeranjiHHecicoro HarpHH c 
6Hc4)eHanoM- 2 f 2 '-MerHJieH6KC-( 4-Merwi- 
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-6-rpeT.-6yTH/T(})eHo/ioM) b cpeae Tanyana 
h B3aHMoaeftcTBHe 6Hc4>eHo/iflTa HaTpwa c 
rpexxyiopHCTbiM 4>oc4>opoM b cpeae 6eHso- 
na b TeneHHe 60 fc o6pa30BaHHeM Bocb- 
mh H/ieHHoro uHK/iHMecKoro x/iopaHrnapHaa 5 

4)OC4»pHCTOft KHCnOTbl <}>OpMy/IbJ [2]. 

HeaocrarKOM H3BecTHoro cnoco6a nana- 
eTca to, hto oh TpyaoeMOK, Tax kbk npea- 
craanaeT co6oft aByxcTaaHftHbift npouecc, 
Tpe6yeT anHTe/ibHoro BpeMeHH npoBeaeHHa \q 
peaxuHH. 

Ue/ib H3o6peTeHHfl - ynpotaeHHe npo- 
uecca. 

riocTaaneHHafi uenb aocTaraeTca cno- 
co6om nonyneHaa UHXAanecxnx apH/ixjiop4>oc- is 

(})HT0B 4opMyjIbJ I, 3ajUU0HaK>mKMCJI B TOM, 

hto coeaHHeHHe ofitueft <J»pMy/ibi 



OH OH 
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R Z R t 

rae R^, h X HM.eioT BbiuieyKasaHHue 
3 Ha HeHHst, npaBeprajoT BsaaMoaejtCTBHK) 

C TpexXJIOpHCTbIM 4MDC4»pOM npH MCVlbHOM 25 

cooTHouieHHH peareHTOB 1:1,05-1,3 b 
cpeae opraHanecxoro pacTBopBTena npa 
80-1 75°C. 

JlpeanoxceHHbift cnoco6 no3BonaeT yn— 
pocTHTb npoaecc nonyHeHaa ukkjibmbckhx 30 
apHnviop<t>oc<imToa aa cneT acno/ibaoBaHaa 
6onee aocTynHoro HcxoaHoro npoH3BoaHo- 
ro 6Hc$eHona 4>opMy/ibi UI a npoaeoeHas 
npouecca b oaHy ctbohio, a raxxe cox pa- , 
Tirrb Bpeiwoi npoBeaeHHn npouecca ao 35 
3-5 h. 

KpoMe Toro, HcnoJibaoBaHBe H36u t ohh o— 
ro ot CTexHOMeTpHHecKoro cooTHoaieuHsi 
KonHHecTBa Tpexx/iop«cToro 4>oc<|x>pa no3— 
BonneT noswcHTb Bbixoa a&neBoro npoayx- 
tb ao 98-100%. 

B KanecTBe opraHHHecKoro pacrBopa— 
Tens Hcnonbay»T x/iopTonyoh, xjiop6eH3osi t 
aax/iop6eH3on, BaonponanGeaaon h/tb kcb— 
non* b konHHecTBe 20-80% ot &eca 6ac- 45 
(JieHana, npeanoaTBTenbHo 40-5 0%. 

TeMnepaTypy peaxuaoHHoft CMeca b npo- 
Uecce CHHTG3a perynapyx)T raxuM o6paaoM, 
hto6n 3a 45-60 Mint c Ha nana cRHre3a « 
ohb aocTHrna 75-80 C, a 3areM TeMnepa- 
Typy noBhiuiawT co cxopocruo 15-30°C/n 
ao TeMnepafypw 4>nerMHpoBaHBfl pacTBopH- 
Te/ia. B HeKOTopwx c/iynaax bboh TpexxJio- 
pHCToro 4x>ctJ)opa^pauHOHaiibHo ocytnecTB/iaTb 55 
yace npH 75-80 C. KoHeiHaa TeMnepaTypa 
peaxuHOHHoft CMecn b sbbbchmoctb ot cTpyx- 
Typu HcxoaHoro 2,2* -6nc(t>eHona h pacTBo- 
pHTe^a aocTHraeT 140-1 75°C. Una non- 
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Horo 3aBeptueHHH npouecca peaicuHOHHyio 
CMecb Bbiaep>KHBaioT npa yKa3aHHoft noBU- 
uieHHoft TeMnepaType He MeHee 60 mhh. 

. Dm* ynaanHBaHHH Tpexx/iopMCToro 4>oc- 
4»pa ( yHOCHMoro a6ra3HbiM x/iopHCTbiM 
BoaopoaoM, k CHCTeMe noacoeaHHajof /10- 
Bymxy, HMewmyx) TeMnepaTypy He MeHee 
- 15°C. 

CHHTesnpoBaHHbie uHK/iHHecKHe x^op<t)oc- 
4>HTbi npeacTaBJieHbi b Ta6/iHue. 

CTpyxTypa CHHTesHpoBaHHbix coeaHHeHHft 
aoxa3aHa HK-cnexTpocxonHeA, 3/ieMeHTHbiM 
aHa/maoM, onpeae/iemieM MonexynapHbix 
BecoB, a Taxace c noMombw pnaa xHMHnec- 
xhx peaxutfft. 

B HK-<:nexTpax uxxnHnecxHx xiiopaH- 
rHapaaoB orcyTCTByioT nanocbi nornomeHHa 
b 06/iacTH 3350-3640 cm*| cooTBe-rcTBy- 
lotaae BaneHTHbiM xone6aHUflM OH-rpynn 

6HC4>eHOnOB t HTO C OOHOft CTOpOHbl cBHae- 

TenbCTByeT 06 ynacTHH o6eax rHapoxctwb- 
Hhix r^rnn b peaxuHH 4>oc<})opanHpoBaHHsi, a 
c apyroft - xapaxTepH3yeT HHCTOTy npoayx- 
Ta, npncyTCTByej nonoca norjiomeniffl b 06- 
VnacTH 450 cm* , xapaxTepHaH-ona cbb- 
3H P-XU . 

HaftaeHHbie 3HaneHaa sneMOHTHoro a Ha- 
;iH3a a oapeaoneaaa MonexynapHux Becoa 

COOTB0TCTByX)T. BblMHCJieHHblM 3HaH6HHflM 

(cm. raGnmiy). 1 
ripa o6pa6brxe uaxnanecxax x/iopaHraa- 
paaoa HexoTopfaiMa peareHTaMH (cnaprbj, 
$eHonbi) nojiyneubi cooTBerctByioaiHe uhx^h- 
HecKHe a$apfai, xapaxTepacTaxH xoTopux 
coBnana c naTepaTypHbiMH aauHbiMa. 

n p u m e p 1. rionyMeHHe 2,2 '-Me- . 
thji9h6hc( 4-MeTHn-6^rpeT»-6yTWT(i)eHKn J ' 
xjiop^oc(|iaTa (coeaHHeHHe 1 )♦ 

B peaxTop, CHa6»ceHHbift o6paTHbiM xono' 
aa/ibHHKOM, coeaHHeuubiM c noByuixoftv 
oxTiaxcaaeMoft CMecbio cyxoro nbaa c aaero- 
hom a CHCTeMofl norviomeHHfl xac^ibix napoB, . 
Memaiixoft, xanenbHofl Bopoaxoft, repMOMef- 
poM t BHocflT 102,2 r (0,3 r-Monb) 
2,2 l -44eTajleH6ac-^4-MeTHn-6-Tper.-6yTen- 
4>eHona) nptuiHBaiOT 45 mji cmocb opto- a 
napaxviopronyonofi a 45,4 r (0,33 r-Monb) 
TpexxjiopacToro 4>oc4>opa. npa nepeMeujHBa- 
Hua noBbuuajoT TeMnepaTypy peaxaaoHHOfl 

CMGCB 00 80 C 3d 1 H, a 3aTeM CO cxo— 

pocTbk> 25-30°C/a ao 175°C. Buaepva- 
Bax>T 1 m npa cna6oM Toxe (fiinerMfci. Ma 
noByuma or6apax>r 4,2 r TpexxnopacToro 
4oc4»pa a acnonbayioT Ha nocneayiooiax 
onepauaax caHresa, a b cacTeMe nornome- 
hhh aGrasoB H3Baexa»T 79,6 r 27,5%-hoh 
conaHoft xbcjiotm* B xacjiore OTcyTCTByeT 
4K>c4>op. 
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PeaKUHOHHyiSBftaccy oxnaacaaioT npH oa- 
HOBpeMeHHOM npoayBaHHH a30T0M ao 100 C 
H b k*»s bb'oqht npH nepeMeuiHBaHHH 100- 
120 ..-i renTaHa. ripH qocthjkshhh 26- 
30°C HacTynaeT KpHCTaanHaauHH. KpHCTaji- 5 

Hbl OT(J)H/l bTpOBblBaiOTf npoMbiBawT 50 MJT 

renTaHa, cyuiar ao nocTOHHHorO Beca h 
nonynaioT xnop4>oc(J)HT c BbixoaoM 103,2 r 
(85% c t. nn. 160-162°C). 

HaftaeHo %: C 68,01; H 7,58; 10 
Cl 8,75; P 7,53. 

c » H *o Ce °2 P ' 

BbiHHcneHo %: C 68,14; H 7,42; 
CC 8,77; P 7,66, 

MatOHHHK omapHBaioT bo BpainaioiueM- 13 
cji HcnapHTane ao reMnepaTypbi 6aHH 
175°C/5 mm pr. ct, ( no/iynaioT 18 r 
ruiaBa, coaep»caHHe,%: CR-8,6; P - 7,8. 
TeMnepaTypa nnaaneHHA 152°C, nocne ne- 
peKpHCTan/iHaauHH - 160-1 61° C. CyMMap- 20 
Hbitt Bbixoa 98,3%. 

n p h m e p 2. nonyneHHe 2,2 -tho- 
6Hc(4,6-aH?uiop(t)eHHn) xnop<J>oc4)HTa (coe- 
aHHeHHe 2), 

CycneHSHio 71,3 r (0,2 r-**onb) » 
2,2 l -THo6Hc(4 ( 6-aH3Uiop<J)eHcyia) h 28,8 r 
(0,21 r-Monb) TpexxjiopHcroro <J>oc$opa 
B 50 mjt napaaHxnop6eH3ona HarpeBawT, 
Bbiaep?KHBaioT h oxnaacaam b ydnoBHflx 
npHMepa 1, np«6aBnsnoT 80 Mil HeTbipex- 30 
juiopHCToro yrnepoaa, ox^aacaaior ao 0_C, 
(JwibTpyioT BbinaBuiHe KpHCTannhi> npoMfai- 
Bajox 50 mji HerbipexwiopHCTord yrnepo- 
aa, cyuiar b ycnoBHHX npHMepa 1 ao no- 
croHHHoro Beca h nonynawr 75,6 r(90% 35 
2,2 , -THo6Hc(4,6-aH)Uiop4«MHJi) knop$oc- 
4)HTa - 6e/ioro KpHCTa/uiHHecKoro nopouixa 
c t. nn. 204 C. 

HaftaeHO, %: C 34 t 63; H 1,11; ce. <° 
42,99} P 7,60, 57,52. 

c. 2 H 4 ce 5 o a Ps. ' { 

BwMHcneHO f %: C 34,24; H 0,95; 
Ce 42,21; P 7,37; S7.60. 

n p h m e p 3* rionyneHHe 2,2'^tho- 45 
6hc( 4-rper.-6yTWi4)eHHn) xnop(t>oc<i>HTa 
(coeaHHeHHe 3). 

K 66 r (0,2 r-Monb) 2,2 -tho6hc 
(4-rpeT.-6yTHn4>eHona) npH/iHBaror 30 Mn 
x^op5eH3oaa f HarpeBawf ao 80 C h npH- 50 
KanwBaioT 27,5 r (0,2 r-Monb) Tpexxno- 
pHCtoro (})Oc4>opa b TeneHHe 1 h. K KOHny 
npHKanbiBaHHfi reMnepaTypy peaKUHOHHofl 
CMecH noBbiuiaioT ao 120°C. Hep»3 1 h 
TeMnepaTypy noaHHMaior ao 140 C h npw 55 
3THX yCJIOBHHX 3aBepmaioT peaKurao b Te- 
neHHe 1 h. PacTBOpHre/ib ottohsuot h no- 
nynaioT 66,8 (84,5) cnerxa oKpauieHHoro 



b coi^^bHHbjfl uBer nnaBa, HCTiipaiouiero- 
ch b 6enwfl nopoiuoK c t. rui. 113 C. 

HaAaeHo.?b: C 60,00; H 6,37; ce 
8,71; P 7,31; 68,51. 

C 2o H *4 CB °Z P5 - 
BwsHcneHo,*: C 60,84; H 6,08; 

CB 8,99; P 7,86; S8.ll. 

n p h m e p 4. noJiyneHHe 2,2*-2- 

-TpHx/iop3TH/iHaeH6Hc( 4-rpeT .-6yTH/i4>eHH/i ) 

xnop4>oc4)HTa (coeaHHeHHe 4). 

CycneH3Hio 86 r (0,2 r-MWib) 

2, 2 -2-rpH)cnop3THAHaeH6HC-( 4-rper.-6y- 

TWiitBHona) h 28,88 r (0,21 r-Mtvib) 

Tpexx/iopncToro (Jjoc^pa b 40 mj\ H3onpo- 

nH/i6eH3ona HarpeBaioT no npwMepy 1 ao 

160°C, BbiaepjKHBaioT npH stoA reMnepa- 

Type 1 h h 3aTeM orroHHioT pacTBopHTenb. 

nonynaiOT c BbixoaoM- 98%-Hbift Genu A 

KpHCTan/iHHecKHft nopouiOK c r. nil. 157 C. 

HaftaeHo,%: C 53,51; H 6,20; Ce 

28,40; P 6,13. 

BwHH^eHo.%: C 53,44; H 5,06; 
C828,74; P 6,27. 

n p h m e p 5. nonyneHHe 2,2 1 -opTo- 
: -xjiop6eH3HhHaeH-6«c( 4-rpeT.-6yTmi<teHH/i) - 
-xnop4)Oc4)HTa (coeaHHeHHe 5).- 

CycneH3Hio 84,5 r (0,2 r-wanb) 
2,2* -opTO-xnop6eH3«nHaeH-6Hc-( 4-TpeT.- 
-^yTvui4>eHona) h 28,88 r (0,21 r-wonb) 
rpexxnopwcToro 4»C(J)opa b nw Hsonpo- 
nnn6eH3ona HarpeBawx no npHMepy 1 ao 
160°C, BbiaepjKHBaioT npH aroft TeMnepa- 
Type 1h « nonynawT 95 r (97,5%) 6e- 
noro KpHCTajinHHecKoro nopoujua c r. nn. 



1 63^C 

HattaeHo,%: G 66,70; H 5,65; ce 
14,231 P 6,68. 

c^H^ce^o-^ p. 

BbiHHCJieHo,%: C 66,53; H 5,95; 
0614,58; P 6,57. f 
n p h m o p 6. nonyneHHe 2,2 -2- 

-TpHX^0p3THnH0eH-6HC ( 4-MBTIBl r 6-WI0p- 

<J>eHHn)-xjiop4)OC(t«Ta (coeaHHeHHe 6). 

41,46 r (0,1 r-Monb) 2-^rpHMop- 
3TWiHaeH6Hc(4-MeTHJi-6-xnop<|»Hona) no- 
Memaior b Kon6y poropHoro Hcnapfrre^si, 
npwiHBajoT pacTBop 16,5 r (0,13 r-MCwib, 
Tpexxnopacroro 4)Oc4>°P a B 8 ^ CMeCH 
opto— h napaxnopronyonoB. 

PoTopHbifl HcnapHTenb, coeaKHeHHbifl 
nepea KoJioaH/ibHHK c npHeMHHKOM h no-^ 
ByuiKOft, oxjia^aeHHoft paccanoM ao -15 C, 
noaicnJOHeH k BoaocTpyftHOMy Hacocy (Ba- 
KyyM 740-745 mm pr. ct.). npn Bpame- 
hhh ko/i6w cycneH3HK> HarpeBaioT 45 mhh 
ao 8(fC, aareM b reneHHe 2 q h TeMnepa- 
Typy 6aH«. noBbiuiaioT ao 170 C ana 3a- 
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DopwoHH* poatcuHH. B cvtcA<e co3aaioT 
BaKyyM 4-5 mm pt. ct. h BbiaepjKHMioT 
15 mhh npH TeMnepaType 6aHH 175 C. 
M3 npneMHHKa h noByuiKH n3B/ieKaioT 5 r 
pacTBopHTena, a a Kon6e HcnapHTena oc- s 
TaercH cBeT/io-ate/iTbift nnaB, 48 r (Bbi- 
xoa 100%). 

HaflaeHo,%:C 39.47; H 2,01; CE44.1; 
P 6,13. 

BbiMHc^eHo,%: C 40,08; H 2,29; i 
Ce 44.46; P 6,47. 

n p h m e p 7. rionyneHHe 2.2'-Me- 
TwieH6HC ( 4-MeTtui-6- drweTHn-uHiuio- 
reKCHn<t>eHHn) wiop<t>oc<l>HTa (coeaHHeHHe 7). \i 

CMecb 21 r (0,05 r-Monb) 2,2-MetH- 
neH&KC (4-MerHJi-6-ci.-MeTHJi-UHitnoreKCiui- 
<J>eHona) h 11 wi H3onpomwi6eH3ona narpe- 
B8K3T ao 80°C h npHKanwBawT . k cycneH- 
shh 8.93 r (0,065 r-Monfa) Tpexwiopwc- 20 
Toro <Joc4)opa. tlocne npHKanwBaHHa TeMne- 
parypy peaKUHOHHoft cMeca nonHHMaioT b 
TeneHHe na>Kaoro naca Ha 25-30 C, aoBO- 
asiT ao 155 U C h BbiaepjKHBaioT npH stoA 
TeMneparype 2,5 h. Ot tohhiot b BaicyyMe 25 
pacTBopHTenb, ocTaroK dajiKBaioT 13 mji 
renraHa, BbmaBume KpKCTeuuibi oTtJnuibTpo- 
BbiBaioT h nepeKpHCTan/msoBbiBaioT H3 ok- 
TBHa. nonynaioT 19,4 r (80%) uiopfcoc- 
(jiHTa c Troj. 143-145 C. 30 

HaAaeiio,%: C 71,30; H 7,43; 
Ce 7,11; P 6,00. 
C io H 4o CE °2 P - 

BwHHcneHO.%: C 71,67; H 7,82; 
CI 7,31; P 6,38. , , 35 

n p h m e p 8. nonyneHHe 2,2 -tho- 
6hc ( 4-MeTHJi-6-rpeT6yTKn<|)eHHn)-wiop- 

<|»C<t>HTa. 
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C M ecb 89.6^(0,25 r-Monb) 2.2'- 



-tho6hc ( 4-weTHlPB-TpeT.-6yrH/i(t>eH(via) , 
36,1 r( 0,263 r-Mtwib) Tpexx/iopHCToro 
*oc<t»pa H 40 mji cyxoro O-Kcunona Har- 
peBaraT b ycjioBHHX npHMepa 1 ao 166 C, 
BbiaepiKHBajor 1.5 m. ox/iaxmaioT noa to- 

K0M BSOTB Q0 l60°C, npHJIHBaiOT 50 Mil 

renraHa, oxjia*aaioT ao komhsthoh reM- 
nepaTypu. ocaaoK cmfrHJibTpoBbiBajoT. npo- 
MbiBaioT 50-70 mji oxiiamaeHHoro renra- 
Ha, cyuiar. nonynajoT .90 r (85%) Senoro 
KpHcrajiiiHsecKoro nopoiuKa c T n ^ 168- 
170*C; H3 MaTOHHHKa nocne ynapKH pacT- 
BopHTeneft h KpHCTan/iHsauHH us renTaHa 
BwaenaioT aononHHtejibHO 1 1 r xnopaH- 
rnapHaa. 06mHft bmxoo 95,2%. 

HaflaeHo.%: C 62.4; H 6.71;Ce 8.36; 
P 7,33; S 7,52. 
CL, H.-C80PS • 

gtiHHcneHO.%: C 62,3; H 6.61; 
Ce 8,37; P 7,32; 5 7,56. 

n p h m e p 9. nonyneHHe 2,2 ^fho- 
6hc ( 4-Meriui-6- d.-MeTHJi6eH3H/i<l)eHH/i) 

xnop4»oc4«Ta. * 
CMecb 45,26 r (0,1 r-Monb) 2,2- 
-tho6hc ( 4-MeTHn-6-ct-MeTmi6eH3HJi(te- 
Hona), 14,45 r (0.105 r-MWib) rpex- 
„io P HCToro *oc*opa b 25 mji -KCiuiona gar 
peBa»T b ycnoBHflx npHMepa 1 ao lo= V 
Bbiaep)KHBaioT 1,5 h. aanee nocrynaioT. 
kbk yicasaHO b npHMepe 8. nonynawr 47 r 
(90,5%) nopouiKa xnopaHrHopHaa 

^^HaAaerio!%: C 57,2; H 6,62; Ce 7.8; 
P 6,80; S7.02. 

■&^22fcCS7.UH 6.6; Ct 7.8 
P 6,82; $ 7,03. 
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(54) METHOD OF PRODUCING CYCLIC ARYL CHLOROPHOSPHITES 

The invention relates to the chemistry of organophosphorus compounds, and 
specifically to a new method of producing cyclic aryl chlorophosphites having the 
general formula 



where Ri and R2 are hydrogen, a C1-C4 alkyl, a halide, o-methylcyclohexyl, or o- 
methylbenzyl, and X is methylene, sulfur, 2-trichloroethylidene, or chloroben- 
zylidene, which compounds can be used to synthesize the corresponding cyclic 
phosphites, which are effective stabilizers of polymeric materials. 

A method is known for producing a cyclic aryl chlorophosphite with a five- 
member ring (pyrocatechin-chlorophosphite) by reacting pyrocatechin with phos- 
phorus trichloride at 60-80° C in the presence of catalytic quantities of heterocyclic 
bases such as pyridine. The end product precipitates with a yield of 91-95% [1]. 

The method that is closest to the invention in technical essence and attain- 
able results is a method of producing a cyclic aryl chlorophosphite having the 
formula 





2 





which includes the production of sodium bisphenolate by reacting a finely dispersed 
metallic-sodium powder with bisphenol^^'-methylenebis^^methyW-tert-butylphe- 
nol) in a toluene medium, and the reaction of sodium bisphenolate with phosphorus 
trichloride in a benzene medium for 60 hr, with the formation of an eight-member 
cyclic phosphoric acid chloride having the formula given in Ref. 2. 

A shortcoming of the prior-art method is that it is labor intensive, since it is 
a two-step process and requires a long period of time to carry out the reaction. 

The object of the invention is to simplify the process. 

The stated object is attained by a method of producing cyclic aryl chloro- 
phosphites of formula (I), in which a compound having the general formula 



where Ri, R2, and X have the meanings indicated above, is reacted with phosphorus 
trichloride with a molar ratio of reagents of 1:1.05 to 1:1.3 in a medium of organic 
solvent at 80-175° C. 

The proposed method makes possible simplification of the process of produc- 
ing cyclic aryl chlorophosphites through the use of the more accessible parent bis- 
phenol derivative of formula (HI) and through implementation of the process in a 
single step, and makes possible a reduction of the duration of the process to 3-5 hr. 

Furthermore, the use of an above-stoichiometric ratio of phosphorus trichlor- 
ide makes possible an increase in the end-product yield to 98-100%. 




K 2 
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Chlorotoluene, chlorobenzene, dichlorobenzene, isopropylbenzene, or xylene 
in a quantity of 20-80% the weight of bisphenol, preferably 40-50%, is used as the 
organic solvent. 

The temperature of the reaction mixture during synthesis is regulated so that 
it reaches 75-80° C in 45-60 min after the start of synthesis; then the temperature is 
increased at a rate of 15-30* C/hr to the solvent reflux temperature. The final tem- 
perature of the reaction mixture reaches 140-175° C, depending on the structure of 
the original 2,2 '-bisphenol and the solvent. To take the process to completion, the 
reaction mixture is held at the temperature indicated above for at least 60 min. 

To capture the phosphorus trichloride entrained by the waste-gas hydrogen 
chloride, a trap that has a temperature of at least -15° C is attached to the system. 
The cyclic chlorophosphites that were synthesized are shown in the table. 
The structure of the synthesized compounds was proven by infrared spectros- 
copy, elemental analysis, and molecular-weight determination, and through a num- 
ber of chemical reactions. 

The infrared spectra of cyclic acid chlorides do not contain the absorption 
bands in the region 3350-3640 cm -1 corresponding to the stretching vibrations of the 
OH groups of bisphenols. On the one hand, this attests to the participation of both 
hydroxyl groups in the phosphorylation reaction, and on the other it characterizes 
the product's purity: the absorption band in the region of 450 cm' 1 that is character- 
istic of the P-Cl bond is present. 

The values found from elemental analysis and molecular-weight determina- 
tions correspond to the calculated values (see table). 

When cyclic acid chlorides were treated with certain reagents (alcohols, phe- 
nols), the corresponding cyclic esters were obtained, whose characteristics matched 
published data. 
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Example 1. Production of 2,2 / -methylenebis(4-methyl-6-tert-butylphenyl)- 
chlorophosphite (compound 1). 

Some 102.2 g (0.3 mol) of 2,2 / -methylenebis-(4-methyl-6-tert-butylphenol) is 
placed in a reactor equipped with a reflux condenser connected to a trap which is 
cooled by a mixture of dry ice and acetone and with an acid-vapor absorption sys- 
tem, a mixer, a dropping funnel, and a thermometer, [and] 45 ml of a mixture of 
ortho- and para-chlorotoluenes and 45.4 g (0.33 mol) of phosphorus trichloride are 
poured in. During agitation, the temperature of the reaction mixture is raised to 
80° C in 1 hr, and then to 175° C at a rate of 25-30° C/hr. [The reaction mixture] is 
held for 1 hr with a weak reflux. What is collected from the trap is 4.2 g of phos- 
phorus trichloride, which is used in subsequent synthesis operations, and 79.6 g of 
27.5% hydrochloric acid is extracted in the waste-gas absorption system. There is 
no phosphorus in the acid. 

The reaction mass is cooled to 100" C while being blown with nitrogen, and 
100—120 ml of heptane is added while the mass is being agitated. Crystallization 
sets in when a temperature of 26-30° C is reached. The crystals are filtered off, 
washed with 50 ml of heptane, and dried to constant weight; what is obtained is 
chlorophosphite with a yield of 103.2 g (85%, with a melting point of 160-162° C). 

Found (%): C 68.01, H 7.58, CI 8.75, P 7.53. 

C23H30CIO2P. 

Calculated (%): C 68.14, H 7.42, CI 8.77, P 7.66. 

The mother liquor is steamed in a rotary evaporator to a bath temperature of 
175° C/5 mm Hg; 18 g of fusion cake is obtained, with the following content (%): CI 
8.6, P 7.8. The melting point is 152° C; after recrystallization it is 160-161° C. The 
ultimate yield is 98.3%. 
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Example 2. Production of 2,2 , -thiobis(4,6-dichlorophenyl)chlorophosphite 
(compound 2). 

A suspension of 71.3 g (0.2 mol) of 2,2'-thiobis(4,6-dichlorophenol) and 28.8 
g (0.21 mol) of phosphorus trichloride in 50 ml of para-dichlorobenzene is heated, 
held, and cooled under the conditions of Example 1. Then 80 ml of carbon tetra- 
chloride is added, [the product] is cooled to 0"C, the precipitated crystals are fil- 
tered, washed with 50 ml of carbon tetrachloride, and dried to constant weight 
under the conditions of Example 1. What is obtained is 75.6 g (90%) of 2,2'-thio- 
bis(4,6-dichlorophenyl) chlorophosphite - a white crystalline powder with a melting 
point of 204* C. 

Found (%): C 34.63, H 1.11, CI 42.99, P 7.60, S 7.52. 

C 12 H4C1502PS. 

Calculated (%): C 34.24, H 0.95, CI 42.21, P 7.37, S 7.60. 
Example 3. Production of 2,2 / -thiobis(4-tert-butylphenyl) chlorophosphite 
(compound 3). 

Some 30 ml of chlorobenzene is poured into 66 g (0.2 mol) of 2,2'-thiobis(4- 
tert-butylphenol), [the product] is heated to 80" C, and 27.5 g (0.2 mol) of phos- 
phorus trichloride is added dropwise over a 1-hr period. By the end of dropwise 
addition, the temperature of the reaction mixture is raised to 120° C. After 1 hr the 
temperature is raised to 140* C, and the reaction is carried to completion under 
these conditions in a 1-hr period. The solvent is driven off, and what is obtained is 
66.8 g (84.5%) of a pale-straw-colored fusion cake which grinds down into a white 
powder with a melting point of 113° C. 

Found (%): C 60.00, H 6.37, CI 8.71, P 7.31, S 8.51. 

C20H24CIO2PS. 

Calculated (%): C 60.84, H 6.08, CI 8.99, P 7.86, S 8.11. 
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. Example 4. Production of 2,2 y -2-trichloroethylidenebis(4-tert-butylphenyl)- 
chlorophosphite (compound 4). 

A suspension of 86 g (0.2 mol) of 2,2'-2-trichloroethylidenebis-(4-tert- 
butylphenol) and 28.88 g (0.21 mol) of phosphorus trichloride in 40 ml of isopropyl- 
benzene is heated to 160° C as in Example 1, and held at this temperature for 1 hr; 
then the solvent is driven off. What is obtained, with a 98% yield, is a white crys- 
talline powder with a melting point of 157° C. 

Found (%): C 53.51, H 6.20, CI 28.40, P 6.13. 

C22H25CI4O2P. 

Calculated (%): C 53.44, II 5.06, CI 28.74, P 6.27. 

Example 5. Production of 2,2 / -ortho-chlorobenzylidene-bis(4-tert-butylphe- 
nyl)-chlorophosphite (compound 5). 

A suspension of 84.5 g (0.2 mol) of 2,2 / -orthcK;hlorobenzylidene-bis-(4-tert- 
butylphenol) and 28.88 g (0.21 mol) of phosphorus trichloride in 50 ml of isopropyl- 
benzene is heated to 160° C as in Example 1 and is held at this temperature for T hr; 
what is obtained is 95 g (97.5%) of a white crystalline powder with a melting point 
of 163° C. 

Found (%): C 66.70, H 5.65, CI 14.23, P 6.68. 
C27C29CI2O2P. 

Calculated (%): C 66.53, H 5.95, CI 14.58, P 6.57. 

Example 6. Production of 2,2 / -2-trichloroethylidene-bis(4-methyl-6-chloro- 
phenyl)-chlorophosphite (compound 6). 

Some 41.46 g (0.1 mol) of 2-trichloroethylidenebis(4-methyl-6-chlorophenol) 
is placed in the flask of a rotary evaporator, and a solution of 16.5 g (0.13 mol) of 
phosphorus trichloride in 8 ml of a mixture of ortho- and para-chlorotoluenes is 
poured in. 
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The rotary evaporator, which is connected through the condenser to a collec- 
tor and to a trap cooled with brine to — 15° C, is connected to a water-jet pump (in a 
vacuum of 740—745 mm Hg). As the flask revolves, the suspension is heated for 45 
min to 80° C, and then, over a 2-hr period, the bath temperature is increased to 
170° C to complete the reaction. A vacuum of 4-5 mm Hg is produced in the sys- 
tem, and [the suspension] is held for 15 min at a bath temperature of 175° C. Five 
grams of solvent is extracted from the collector and the trap, and a light-yellow 
fusion cake weighing 48 g (100% yield) remains in the evaporator flask. 

Found (%): C 39.47, H 2.01, CI 44.1, P 6.13. 

Ci6HuCl60 2 P. 

Calculated (%): C 40.08, H 2.29, CI 44.46, P 6.47. 

Example 7. Production of 2,2 / -methylenebis(4-methyl-6-o-methyl-cyclohex- 
ylphenyl) chlorophosphite (compound 7). 

A mixture of 21 g (0.05 mol) of 2,2 / -methylenebis (4-methyl-6-o t -methyl-cy- 
clohexylphenol) and 11 ml of isopropylbenzene is heated to 80° C and added drop- 
wise to a suspension of 8.93 g (0.065 mol) of phosphorus trichloride. After dropwise 
addition, the temperature of the reaction mixture is raised 25-30° C/hr, to 155° C, 
and held at this temperature for 2.5 hr. The solvent is driven off in a vacuum, then 
13 ml of heptane is poured into the residue, and the precipitated crystals are filtered 
off and recrystallized from octane. What is obtained is 19.4 g (80%) of chlorophos- 
phite with r dt = 143-145° C. 

Found (%): C 71.30, H 7.43, CI 7.11, P 6.00. 

C29H40CIO2P. 

Calculated (%): C 71.67, II 7.82, CI 7.31, P 6.38. 

Example 8. Production of 2,2 / -thiobis(4-methyl-6-tert-butylphenyl)-chloro- 
phosphite. 
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A mixture of 89.6 g (0.25 mol) of 2,2 / -thiobis(4-methyl-6-tert-butylphenyl), 
36.1 g (0.263 mol) of phosphorus trichloride, and 40 ml of dry o-xylene is heated to 
166° C under the conditions of Example 1, held for 1.5 hr, and cooled to 100° C un- 
der a nitrogen stream. Then 50 ml of heptane is poured in, [the product] is cooled 
to room temperature, and the precipitate is filtered off and washed with 50—70 ml of 
chilled heptane. What is obtained is 90 g (85%) of a white crystalline powder with 
^melt = 168— 170° C. After the solvents are boiled off and crystallization from hep- 
tane is performed, 11 g of acid chloride additionally is precipitated from the mother 
liquor. The ultimate yield is 95.2%. 

Found (%): C 62.4, H 6.71, CI 8.36, P 7.33, S 7.52. 

C22H28CIO2PS. 

Calculated (%): C 62.3, H 6.61, CI 8.37, P 7.32, S 7.56. 
Example 9. Production of 2,2 / -thiobis(4-methyl-€-o-methylbenzylphenyl)- 
chlorophosphite. 

A mixture of 45.26 g (0.1 mol) of 2,2 / -thiobis(4-methyl-6-o-methylbenzylphe- 
nol) and 14.45 g (0.105 mol) of phosphorus trichloride in 25 ml of xylene is heated to 
165° C under the conditions of Example 1 and held for 1.5 hr. Then one proceeds as 
indicated in Example 8. What is obtained is 47 g (90.5%) of acid chloride powder 
( with3 m elt =46'C). 

Found (%): C 57.2, H 6.62, CI 7.8, P 6.80, S 7.02. 

C30H30CIO2PS. 

Calculated (%): C 57.1, H 6.6, CI 7.8, P 6.82, S 7.03. 

Claims 

A method of producing cyclic aryl chlorophosphites having the general 
formula 
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where Ri and R2 are hydrogen, a Ci— C4 alkyl, a halide, a-methylcyclohexyl, or a- 
methylbenzyl, and X is methylene, sulfur, 2-trichloroethylidene, or chlorobenzyli- 
dene by reacting a bisphenol derivative with phosphorus trichloride in a medium of 
organic solvent, the method being distinctive in that in order to improve the 
process, a compound having the following general formula is used as the bisphenol 
derivative: 



where Rt, R2, and X have the meanings indicated above, and the process is carried 
out with a molar ratio of bisphenol to phosphorus trichloride of 1:1.05 to 1:1.3 at 
temperatures of 80-175° C. 



L Soviet Authorship Certificate No. 250,139, classification C 07 F 9/15, 1967. 

2. US Patent No. 3,297,631, classification 260^15.95, published 1967 (the prior art). 
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